The absence of an intromittent organ (IO) in most species (\ 97%) of birds is an enigma: birds are the only terrestrial vertebrates in which insemination typically occurs without the use of an IO. In an earlier review, we evaluated six hypotheses to explain the loss of IOs among birds. We found some support for the influence of sperm competition and female choice, but other hypotheses (e.g. avoidance of sexually transmitted disease) could not be tested because of a lack of empirical data. Wesol owski (1999, J. Avian Biol. 30: 483-485) has criticised our female choice and sexually transmitted disease hypotheses as implausible and insufficient to explain the loss of the IO in birds. Instead, he proposes that IOs were lost to minimise the risk of predation (by shortening duration of copulation) and/or to increase the efficiency of sperm transfer. Here we respond to Wesol owski's (1999) criticisms and test his efficient copulation (EC) hypothesis with data on the duration of copulation in 243 species. Contrary to expectations from the EC hypothesis, copulation durations did not differ significantly between species with and without an IO. Thus we can reject the EC hypothesis as an explanation for the loss of IOs in birds.
An intromittent organ (IO) is found in only 3% of extant bird species, even though all birds are internal fertilizers. In a recent review, we evaluated six hypotheses that might explain the general absence of IOs among birds (Briskie and Montgomerie 1997) . Three hypotheses were directed at explaining why an IO has been retained in some taxa and not others: (i) water damage prevention, (ii) maintaining genital contact, and (iii) sperm competition. Some evidence was found for each hypothesis, although the sperm competition hypothesis was the most strongly supported (Briskie and Montgomerie 1997) . However, since it is the widespread loss of the IO that is so enigmatic -most other internally fertilizing animals have IOs -we also examined three hypotheses to explain this evolutionary loss: (iv) minimisation of flight costs, (v) avoidance of sexually transmitted disease (STD), and (vi) female choice. The female choice hypothesis was supported by a comparative analysis but the flight costs hypothesis was not. We had no data to test the STD hypothesis.
Wesol *owski (1999) recently presented arguments rejecting the STD and female choice hypotheses. Instead he proposed that IOs were lost as a response to selection for efficient copulation (EC hypothesis), either to minimise predation risk or to increase insemination efficiency, but presented no data to test this idea. Here we show that his criticisms of our hypotheses were unwarranted and we test and find no support for his EC hypothesis.
Sexually transmitted disease hypothesis
The STD hypothesis proposes that IOs were lost in birds to minimise the risk of cross-infection between urogenital and gastrointestinal systems. As both systems open into a common cloaca in birds, we suggested this might make birds particularly susceptible to STDs. In the absence of an IO, the male transfers sperm to the female during a brief period of cloacal apposition rather than through intromission. However, the hypothesis could not be evaluated empirically because of the lack of information on diseases in wild birds.
Wesol *owski (1999) dismissed the STD hypothesis based on Lombardo's (1998) review of how pathogens might evolve and adapt to avian life histories. Lombardo (1998) proposed that STDs should be less virulent in short-lived, monogamous and seasonally-breeding birds (such as temperate zone passerines) because dispersal rates of highly virulent disease would be too low. To persist, STDs would have to evolve less virulent properties and undergo periods of diapause between the host's breeding attempts. This model of pathogen evolution suggests STDs might be quite rare. Nonetheless, virulent STDs have been isolated in domestic fowl where they have serious consequences for survival and fecundity (Sheldon 1993) . Wesol *owski (1999) cites the lack of similar diseases in wild birds as evidence against our hypothesis, but the reason for this is simply the lack of studies of avian STDs in the wild. A recent study of sexually transmitted bacteria in Red-winged Blackbirds Agelaius phoeniceus found a variety of bacteria in semen (Westneat and Rambo 2000) . This is the first published research that has even looked for such bacteria in wild birds. Thus, we reiterate our conclusion that there is simply not enough data to test this hypothesis.
Female choice hypothesis
Our female choice hypothesis was based on the premise that it is advantageous for females to have some control over paternity (Briskie and Montgomerie 1997) . We suggested that a male without an IO would have much greater difficulty in forcibly inseminating a female. This is because a female must cooperate if a male without an IO is to successfully transfer sperm to the cloaca or vagina of a female. A reluctant female could simply refuse to expose her cloacal vent or to evert her vagina to receive the ejaculate. In contrast, we suggested that a male with an IO could forcibly place sperm directly into the reproductive tract of an uncooperative female. Thus, an IO should be favoured by selection on males because it allows a male physical control over inseminations, and thus the potential to increase his reproductive success.
If an IO is advantageous to males because it allows them to control inseminations, how could a female preference for males that do not force copulations evolve? We suggested the answer may lie in the fact that birds fertilize their eggs one at a time, usually 24 h or more apart. This fertilization scheduling potentially gives female birds the option to abandon or abort eggs fertilized via forced copulations without endangering the rest of the clutch. If eggs fertilized by forced copulations do not result in viable offspring then males would no longer obtain an advantage from an IO. Selection should thus favour a reduction over evolutionary time in the size of an IO whenever the costs to the male (energy, disease, maintenance, etc.) are greater than the benefits (young sired through forced copulations). If costs are much greater than benefits, then total loss of the IO may even be favoured. By selectively raising young sired only by unforced copulations, females may have favoured the evolutionary loss of the IO by reducing the reproductive benefits accrued to males forcing inseminations.
Wesol *owski (1999) stated that our female choice hypothesis is implausible because: (1) there is no clear reason why females should avoid a male with an IO, (2) females could not afford to waste eggs as they have the most expensive eggs in the animal kingdom, and (3) females are unable to discriminate between eggs fathered by different males, in order to selectively abort them. We address each criticism in turn.
First, we did not suggest that females avoid males with an IO but that they selectively abort or abandon zygotes resulting from males that use their IO to force copulations. It is by rejecting males that force copulations with an IO that females could gain greater control over the paternity of their offspring. The fact that copulations are sometimes forced suggests females are selective about paternity. Nonetheless, it is clear that females could also benefit by actively avoiding males that force copulations with an IO. Forced copulations can be violent and reports of females incurring injury are not uncommon (e.g. McKinney et al. 1983) . Although males that do not force copulations with their IO would still be able to threaten females physically, they are unlikely to cause as much direct damage to the female's reproductive tract as would a forced copulation by a male with an IO.
Wesol *owski (1999) next suggested that female birds could not afford to waste eggs as they have the most expensive eggs in the animal kingdom. Indeed, we argued that the eggs of some birds are so costly that it would never pay females to abandon them (Briskie and Montgomerie 1997) . When we examined egg size (corrected for body mass) among species with and without an IO, we found a striking pattern: species in which the IO has been retained had significantly larger (and presumably costlier) eggs. If eggs are so costly that females could never afford to abandon them, it is clear that there would be no mechanism for females to reduce the benefits to males of forced inseminations using an IO. It is this difference in the relative cost of eggs between species with and without an IO that formed the main empirical support for the female choice hypothesis in our original paper. Rather than making our hypothesis untenable, the high cost of eggs is a central assumption.
Finally, Wesol *owski (1999) suggests that the female choice hypothesis could not work because there is no evidence females can discriminate between eggs fathered by different males, and therefore selectively abandon eggs that are the product of forced inseminations. However, birds exhibit last male sperm precedence (Birkhead et al. 1988 ) and this could allow a female to predict that the next egg laid after copulation with a given male has a high certainty of being sired by him. If that last copulation was forced, a female could maintain control over paternity by simply abandoning the next egg laid. This would allow females to predict paternity with a high degree of accuracy by using a simple behavioural rule of thumb, ''copulate last with the male you want as a sire''. Thus, there is certainly a mechanism by which the female choice hypothesis could work although data are needed to test it.
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Efficient copulation (EC) hypothesis
Wesol *owski (1999) proposed that IO loss was a byproduct of selection for the rapid transfer of sperm. He listed predation pressure and efficiency of insemination as two possible factors that would favour an increase in the efficiency of insemination. During copulation, birds are presumed to face a greater risk of predation, as many species copulate in the open and temporarily lose their ability to escape quickly. Wesol *owski (1999) argued that since insemination with an IO requires more time than cloacal apposition, the reduction and loss of an IO would accelerate sperm transfer and thereby reduce predation risk. Copulation without an IO may also be more efficient as insemination in birds requires the male to balance on the female's back to position his cloaca. If a loss of balance is frequent, then a reduction in the IO may have been a way to reduce the time required to maintain balance.
The main assumption of the EC hypothesis is that insemination requires more time in species with an IO than in species that copulate by cloacal apposition. Wesol *owski (1999) does not present data to support this assumption but cites an old paper by Gerhardt (1933) that such is the case. We tested this assumption by collecting more recent data on copulation durations in a variety of bird species. We searched for data in the numerous ''handbooks'' that have been published recently (Cramp and Simmons 1977 , 1980 , Brown et al. 1982 , Cramp 1985 , 1988 , 1992 , Urban et al. 1986 , Marchant and Higgins 1990 , 1993 , Poole and Gill 1992 , Cramp and Perrins 1993 , Higgins and Davies 1996 , Higgins 1999 . Wesol *owski (1999) suggests that only the time spent in genital contact is the relevant variable but few researchers have recorded this. Instead, most information on copulations comprises the total time spent mounting, in genital contact, and dismounting. As a male mounted on the back of a female would still hinder her ability to escape a predatory attack even without cloacal contact, we used the total duration of mounting as an index of predation risk during copulation. In instances in which only a range of mounting durations was given, we used the median. We controlled for male mass as body size can confound the interpretation of results in comparative studies (Harvey and Pagel 1991) . As discussed in our original paper (Briskie and Montgomerie 1997), we could not control for phylogenetic effects because there has been only three independent losses of the avian IO. Thus, we present analyses using species as independent data points. This method can provide a useful first step in examining comparative data but the reader is cautioned that phylogenetic effects may confound such analyses.
Altogether, we found information on copulation duration in 243 species (Fig. 1) , including 227 species that copulate by cloacal apposition and 16 species that copulate with an IO. Mounting duration for species lacking an IO ranged from 1 to 210 s (mean 9SE = 17.39 2.3 s), while species with an IO had mounting durations ranging from 1.5 to 90 s (24.9 97.3 s). As there was a significant and positive relationship between male body mass and mounting duration ( Fig. 1 ; r= 0.44, P B 0.001, n =243), we used body mass as a covariate in all further analyses. Controlling for body mass also controls for the fact that predation risk is related to body size in birds (e.g. Cresswell and Whitfield 1994) . In all analyses both body mass and mounting duration were log-transformed to normalise distributions.
Over all species there was no difference between mounting durations of species with and without an IO (ANCOVA: slopes, F 1,239 = 0.008, P =0.93; adjusted means, F 1,239 = 0.009, P = 0.93). This lack of difference is most apparent by comparing the regressions of mounting time on body mass for the two groups (Fig.  1) where mounting times of species with IOs are, if anything, shorter than those without IOs for a given body mass. Since there are no passerine species with an IO and passerines have significantly shorter mounting durations than nonpasserines (t =9.13, P B 0.0001, n = 60, 183), we also analysed nonpasserine species separately and found essentially the same result (ANCOVA: slopes, F 1,179 = 0.69, P =0.41; adjusted means, F 1,179 = 0.60, P = 0.44). Thus, there is no evidence that birds without an IO have reduced predation risk from increased copulation efficiency. Mounting durations varied greatly from species to species but this variation is not related to the possession of an IO.
It is also important to note that insemination success may not necessarily be greater in species that copulate via cloacal apposition as suggested by Wesol *owski Fig. 1 . Relation between duration of mounting (DM) and male body mass (BM) in species with and without an intromittent organ (IO). Model II regression lines are shown because body mass was measured with error. For species with an IO, log DM= −1.38 +0.76 log BM (r =0.37, t = 1.5, P =0.16, n =16), and those without an IO, log DM = −0.79+ 0.62 log BM (r=0.43, t =5.6, P =0.003, n =227).
(1999). For example, Birkhead et al. (1989) found that 35% of copulations in Zebra Finches Taeniopygia guttata (a species with no IO) resulted in no sperm transfer. Similar estimates of sperm transfer failure have been observed in Bengalese Finches Lonchura striata (32%; Birkhead 1991), Adélie Penguins Pygoscelis adeliae (41%; Hunter et al. 1996) , and domestic fowl Gallus domesticus (50%; Penquite et al. 1930 ), all of which lack an IO. The reasons for a high rate of failure are unknown but may include a failure by males and females to properly align their cloacae (see Hunter et al. 1996) . No information is available on insemination success in species with IOs but the EC hypothesis predicts that these species should face even higher rates of failure. Clearly, more data are required before the mechanics and success of inseminations with an IO can be assessed.
Conclusion
Why so many birds lack an IO has been difficult to investigate because the loss of the IO has been so widespread. Although a phylogenetic analysis suggested IOs were lost in at least three lineages (and probably regained in one or two lineages) during the evolution of modern birds (Briskie and Montgomerie 1997) , the restriction of variation in the presence/absence of an IO to higher taxonomic levels suggests that the evolutionary loss of an IO occurred \50 MYA in some lineages. This makes statistically robust tests of any hypothesis difficult and one can only assess likely possibilities with data on modern birds in the hope that understanding the current function of IOs can tell us something about the reason(s) for their original loss. Our analyses of IOs in birds and other vertebrates confirm that the female choice hypothesis can account for the widespread loss of the avian IO. Because an IO is presumably lost through a gradual reduction in size during evolutionary time, it would also be instructive to look for correlates of interspecific variation in IO size that might be predicted by the various hypotheses we have proposed. There is some information to suggest that IO size varies widely from species to species (e.g. Briskie 1998 ), but more data will be required to test this hypothesis and to assess alternative explanations more thoroughly.
